we applied FM1-43 during a depolarizing stimulus last-
The estimate of D provided by the autocorrelation function is likely to be a lower limit for the effective diffusion coefficient of "free" vesicles because it does not differentiate between vesicles in the cytoplasm and those that are attached to the plasma membrane and ribbons [29] . A small proportion of the fluorescent puncta did indeed appear to be "captured" at the plasma membrane (Figure 1 and Movie 1). The mean lifetime of these captured vesicles has been measured as about 4 s [14], which is considerably longer than the decay in the autocorrelation function ( Figure 1C) . The contribution of tethered vesicles to the time-dependent part of the correlation signal is therefore likely to have been relatively small.
Using TIRF-FRAP to Estimate the Mobility of Synaptic Vesicles
To further assess the speed of vesicle movement in the region close to the plasma membrane, we used FRAP in conjunction with TIRF imaging. Previous work has shown that Ca 2ϩ can accelerate the processes supplying vesicles for fast exocytosis in bipolar cells [24] . To test whether this might be attributed to greater mobility of vesicles during Ca 2ϩ influx, we cence during depolarization in Ca 2ϩ had an average ϭ 5.7 Ϯ 2.5 s. Therefore, Ca 2ϩ influx did not significantly depolarized bipolar cells in 50 mM K ϩ /2.5 mM Ca 2ϩ after they had recovered from the first bleach. In the example affect vesicle mobility. We also estimated the effective diffusion coefficient shown in Figure 2A , fluorescence recovery after the first bleach (in 0 Ca In single sections that were 90 nm thick, the ribbons ery was 18.8 Ϯ 7.2 s in the periphery (n ϭ 5) and 14.5 Ϯ 6.1 s in the center of the cell (n ϭ 5). When these mearesembled the spherical dense bodies of saccular hair cells [29] . We made two simple shape measurements surements were made during stimulation in 50 mM K ϩ / 2.5 mM Ca 2ϩ , the time constants were 13.5 Ϯ 2.5 s in from sections where the ribbon could be seen: the height of the ribbon above the plasma membrane (230 Ϯ 14 the periphery (n ϭ 4) and 8.76 Ϯ 3.9 s in the center (n ϭ 5), respectively. There was no significant difference in nm, n ϭ 16 ribbons) and the width at its widest point (200 Ϯ 11 nm; Figure 6C ). The "average" outline of a the rates of recovery under any of these conditions (Student's two-tailed t test, significance set at P Յ 0.05).
ribbon in a single section was therefore closer to an ellipse than a circle ( Figure 6E ). The surface area of We conclude that neither the actin cytoskeleton in the 
Vesicles Attached to Ribbons
by the ribbon on the plasma membrane. Detailed descriptions of all these calculations are provided in the These were grouped into two types: "docked" vesicles touched the plasma membrane, and "reserve" vesicles Supplemental Data. We therefore estimate that an average terminal with 39 ribbons at the surface would conwere attached to the portion of the ribbon projecting into the cytoplasm (Figures 6C and 6E) . Figures 6A and 6B) . We estimated an average packing density of 440 Ϯ 28 reserve vesicles per vesicles make per unit area of the plasma membrane will Figures 6A and 6B) . The number of vesicles docked to ments the size of vesicles (Figures 7E and 7F ). These vesicles may have originated from the "omega" shapes, the plasma membrane at sites remote from ribbons was also unaffected. At distances greater than 750 nm from or "pits," that formed on the plasma membrane ( Figures  6B and 7G) . The micrographs in Figures 6 and 7 , therethe center of a ribbon, the density of docked vesicles was 0.97 Ϯ 0.06 m Ϫ2 in resting terminals (n ϭ 3) and fore, suggest that retrieval of surface membrane into small vesicles occurred in parallel with bulk uptake into 1.1 Ϯ 0.13 m ). The density of recycled vesicles at ribbons ‫)%5.0ف(‬ was therefore comparable to the density in the cytoplasm ‫.)%1ف(‬ We conclude that ribbons are most likely to be supplied by the rapid motion of vesicles free in the cytoplasm rather than by the rapid local recycling close to the active zone.
Discussion
We have found that the great majority of the ‫000,003ف‬ vesicles in depolarizing bipolar cells from the goldfish move with an effective diffusion coefficient of about 1.5 ϫ 10 Ϫ2 m 2 /s and that this degree of mobility has the potential to maintain an efficient supply of vesicles to the ribbon and plasma membrane during continuous exocytosis. We also found that the rate of vesicle recycling lagged behind vesicle release during a 1 min depolarization but that there was no significant depletion of vesicles attached to ribbons or regions of the plasma membrane remote from ribbons. We therefore propose that the cytoplasmic pool of mobile vesicles supports continuous exocytosis from the synaptic terminal of bi- Figure 7) . ted as indicating that the rate-limiting step for the overall vesicle cycle was the formation of new synaptic vesicles from cisternae. In the present study, we probably only observed depletion of vesicles docked under ribbons because we used a 30-fold shorter stimulus that released only 10%-20% of the total number of vesicles in the terminal. The two sets of observations might be reconciled if continuous exocytosis, driven by depolarization to 0 mV, were initially maintained by the large reservoir of cytoplasmic vesicles, which then gradually depleted over periods of tens of minutes. However, it seems unlikely that depletion of cytoplasmic vesicles will ever limit the rate of exocytosis in response to physiological stimuli. Depolarization to 0 mV causes maximal activation of the calcium current at ribbon synapses in the cytoplasm [29] . These observations were interpre-
